Among the different modes of liquid chromatography (LC), reversed phase liquid chromatography (RPLC) has been most widely used, due to enormous amount of accumulated data readily found in the literature with which an analyst can start LC analysis.
In RPLC, binary solvent systems of methanol-water, acetonitrile-water and tetrahydrofuran(THF)-water have been frequently used as the mobile phase. When a mixture sample is to be measured with reference to literature data, it is sometimes necessary to replace the organic solvent with another one due to unavailability of the same solvent, high column pressure, and/or high running cost for routine analysis. It is also necessary to use a different solvent when one wishes to obtain higher separation factors (a) for peaks of interest. However, in most cases, it is preferable to keep the capacity factors (k') of the analytes at similar values.
There are many reports on the relationship between eluent composition and retention of solutes.'-9. However, there are only a few reports on a practical composition calculating method which can be readily utilized for obtaining a similar retention with a different solvent.
Hara and co-workers10 investigated the retention behavior of steroid derivatives in normal phase LC and proposed an empirical equation for calculation of eluent composition to obtain a similar retention with a different solvent. Jinno and co-workers" "2 investigated the sample retention behavior based on the partition coefficient (log P) for automated optimization of RPLC separations. This paper describes a practical composition calculating method in binary solvent system to obtain practically the same retention with a different solvent in RPLC.
Experimental

Apparatus
The high performance liquid chromatographic (RPLC) system was assembled from JASCO (Tokyo, Japan) LC-800 series HPLC modules. The mobile phase solvent was supplied to the delivery pump through a Model 880-50 in-line degasser. The column was thermostated at 40±0.1°C with an 860-CO air circulating oven. An 851-AS autosampler was used to perform automated sample injection. An 875-UV variable-wavelength UV detector and an 807-IT integrator were used for detecting test solutes and measuring their retention times.
Solvent, sample and column
All organic solvents (methanol, acetonitrile and THF) were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). The separation column was a JASCO Finepak SIL C18S column (4.6 mm i.d.X150 mm) packed with Silica-C18 gels (5 µm particle size).
Aromatic hydrocarbons (benzene, naphthalene and anthracene), alkyl benzenes (toluene, ethylbenzene, propylbenzene, butylbenzene and amylbenzene) and uracil were also obtained from 
HPLC measurement procedure
Retention times of the test solutes were measured with binary solvent systems having different compositions (50, 60, 70, 80, 90, 100 (v/ v) % in water) of organic solvent (methanol, acetonitrile and THF) at a flow rate of 1.0 ml/ min. The column temperature was controlled at 40±0.1 ° C. Ten microliters of each sample solution were injected into the HPLC system. Uracil was used to measure the to value, the elution time for an unretained solute, and the value was used for capacity factor (k') calculation.
All the solutes were detected at 250 nm.
Results and Discussion
The polarity of the mobile phase is more important than any other parameter which influences the retention behavior of a solute in RPLC. The polarity of an organic solvent-water binary solvent system is determined not only by the composition of the organic solvent but also by its polarity. Methanol, acetonitrile and THF are preferably used as an organic solvent in mobile phase in RPLC.
Each organic solvent has different polarity; consequently these solvent systems with an organic solvent and water give different retention values for a given solute, even at the same composition. Therefore, the composition of the mobile phase should be optimally adjusted in order to obtain the same retention when one organic solvent in the binary solvent system is replaced with another one.
Parameters such as Hildebrand solubility parameter 8, Snyder solvent polarity parameter P' and Snyder solvent strength parameter to have been proposed to express the elution power of a solvent.l3-16 Among these parameters, P' and S have been often utilized to express polarity of a solvent in RPLC. We measured retention data for three aromatic hydrocarbons and five alkyl benzenes using three iifferent organic solvent (methanol, acetonitrile and THF)-water binary solvent systems at different organic solvent compositions (50, 60, 70, 80, 90, 100 (v/v) % in water). Figure 1 shows typical chromatograms which were obtained with the three different organic solventwater systems having the same composition of 60:40. These three solvent systems give significant differences in retentions of the solutes.
Using the retention data with various compositions of different solvent systems, we investigated the relationship between retentions of the solutes and the polarity P' and the solubility parameter (hereafter refered to as b') of the binary solvent system. These parameters were calculated using literature values of P' and b by the method described below.
The P' values of multicomponent mixtures can be calculated as the arithmetic average of these values of pure solvents. 16 The regular solution equations of the 8 value are readily generalized to multicomponent mixtures." Although applicability of polar solvents, which are our interest, to the above method is unknown, in this study, as the first approximation, we calculated P' and 8' values by the method for the regular solution mixture, that is, as the arithmetic average of these values of pure solvents, weighted according to the volume fraction of each solvent. The equation used was as follows:
where Pa and 9b are the volume fractions of solvents A and B, respectively, and ba and 8b refer to the solubility parameters of pure solvents A and B. It was found that the solubility parameter c5' gave good correlation with a capacity factor (k') of a solute in all the solvent systems examined.
But the solvent polarity P' did not offer consistent results in methanol-and acetonitrile-water systems. Therefore, only the relationship between log k' values of the solute and the solubility parameter 4:5' is presented in Fig. 2 .
Thus only the Hildebrand solubility parameter i5 was taken into further consideration.
The b' values in Fig. 2 plotted against the log k' values were calculated by Eq. (1), using the Hildebrand solubility parameters b values from the literature"16 as shown in Table 1 .
As shown in Fig. 2 , a good correlation between log k' and the solubility parameter 5' of each solvent mixture was observed for each test solute. Differences among log k' values for the test solutes obtained by different solvent systems having the same b' value were found to be insignificant.
Since very similar log k' values were obtained with a solvent system having the same calculated ~' values, one The values of 8 and P' were quoted from each reference. can establish a simple calculation method of corresponding mobile phase composition for obtaining the same retentions, when a different organic solvent is used in the binary solvent system. We derived the following equation for calculation of the organic solvent composition from Eq. (2) where ~o1 is the volume fraction of the organic solvent 1 and q2 is the volume fraction of the organic solvent 2. bl and o2 are the solubility parameters o of each organic solvent of interests. This Eq. (2) allows to calculate the organic solvent composition which gives the same retentions with different solvent systems.
For instance, in order to obtain the same retentions for the given solutes with methanol-water solvent system as the retentions with acetonitrile-water (70 : 30), parameter values q1= 0.70, b1= 11.8 (solubility parameter of acetonitrile) and U2=12.9 (solubility parameter of methanol) should be inserted: In this way, the composition of methanol-water is calculated to be 79.5 : 20.5. This solvent system has the same solubility parameter 5' as the acetonitrile-water (70:30) system and therefore it offers the same retentions for the given solutes.
In Fig. 2 , strictly, nearly the same log k' values were obtained with three solvent systems having same b' values for larger molecules among the test solutes such as anthracene, butylbenzene and amylbenzene which have stronger hydrophobicity.
However, smaller molecules such as benzene and toluene gave relatively large variations of the log k' values in the three solvent systems.
These results suggest that the retention behavior of a larger molecule depends mainly on the solubility parameter b' of a binary solvent system. In the case of a smaller molecule, the retention behavior depends not only on the solubility parameter b' but also on other characteristics of a mobile phase. These may include hydrogen-bonding ability, electron donor or acceptor property, which affect interactions between the solute, the mobile phase and the stationary phase. Even though the log k' values for smaller molecules varies with the different solvent systems to some extent; however, the variation can be regarded as insignificant when retention dependence on an individual column is taken into account. •, CH3OH; X, CH3CN; A, TH F.
